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(54) POROUS CERAMIC SPHERICAL BODY AND METHOD OF MANUFACTURING THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a porous ceramic spherical body which has high 
mechanical strength while maintaining properties required as a catalyst carrier and a method of 
manufacturing the same. 

SOLUTION: The porous ceramic spherical body characterized in that the volume of pores 
having a pore radius 1.8 nm to 100 fim is >0.25 cm3/g, the mode of the fine radius exists in a 
range from 1 to 6 fim and the packing density is 0.7 to 1 g/cm3. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim 1]A ceramic spherical porous body which capacity of fine pores of 1.8 nm - 100 micrometers of pore 
radii is more than 0.25 cm /g, and a mode of a pore radius is in a range which are 1 micrometer - 6 
micrometers, and is characterized by pack density being 0.7g/cm 3 -1g/cm 3 . 

[Claim 2]The ceramic spherical porous body according to claim 1 whose main crystal phase it is polycrystal 
and is cordierite or an indialite. 

[Claim 3]The according to claim 1 or 2 ceramic [ which is 1.1 or less ] spherical [ a profile coefficient 

calculated in a project area by lower type (I) profile coefficient =L 2 /(4x pixA)(l) when the length of A and a 
periphery is set to L ] porous body. 

[Claim 4]A manufacturing method of a ceramic spherical porous body carrying out rolling granulation of the 
powder mixture containing an inorganic oxide which has rehydration nature, and other inorganic 
compounds, and calcinating this granulation thing. 

[Claim 5]A way according to claim 4 an inorganic oxide is an aluminum oxide. 
[Claim 6]A method according to claim 4 or 5 by which a granulation thing ripes before calcination. 
[Claim 7]A method according to claim 6 by which aging is performed under existence of water or a steam. 
[Claim 8]A method given in any 1 paragraph of claims 4-7 by which consolidation real ball-ization is 
performed to this granulation thing after a rolling granulation. 

[Claim 9]A method given in any 1 paragraph of claims 4-8 by which a surface polish is performed to this fired 
material after calcination. 



[Translation done.] 



http://ww4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje?atw_u=http://ww4.ipdl.inpit^ 8/14/2009 



JP,2002-274974,A [DETAILED DESCRIPTION] 



Page 1 of 9 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]This invention relates to a ceramic spherical porous body and a manufacturing 

method for the same. 

[0002] 

[Description of the Prior Art]The porous body of ceramics like cordierite, mullite, and titanium nitride is used 
for the catalyst support for emission gas purification, the catalyst support for oil refining, and the catalyst 
support for a petrochemical reaction. Some things are used also as a carrier of NOx adsorbent among these 
ceramic porous bodies. 

[0003]Conventionally, as a ceramic porous body, various shape things, such as a ball, a honeycomb, and a 
ring, are known, and it is proposed [ various ] also about the presentation. In order to improve those physical 
properties, various kinds of improvement processes are also proposed. 

[0004]ln recent years, much more improving strength is called for from the request of long-period-of-time- 
izing of a catalyst life, etc. also about the ceramic spherical porous body used as a carrier of a catalyst. 
[0005] 

[Problem(s) to be Solved by the lnvention]The purpose of this invention is to provide the SERAMMIKUSU 
spherical porous body which has a high mechanical strength, maintaining the physical properties demanded 
as catalyst support. Other purposes of this invention are to provide a manufacturing method with this simple 
SERAMMIKUSU spherical porous body. 
[0006] 

[Means for Solving the Problem]This invention persons came to complete this invention, as a result of 

considering improvement in a mechanical strength of a ceramic spherical Plastic solid. 

[0007]Namely, capacity of this invention of fine pores of 1.8 nm - 100 micrometers of pore radii is more than 

3 

0.25 cm /g, A ceramic spherical porous body which a mode of a pore radius is in a range which are 1 

micrometer - 6 micrometers, and is characterized by pack density being 0.7g/cm 3 -1g/cm 3 is provided. Thus, 
a high mechanical strength is shown, maintaining physical properties demanded as catalyst support when it 
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has detailed fine pores, and it appears at a place where most frequent degree of a pore radius is specific 
and is made for pack density to serve as a specific range. 

[0008]This invention carries out rolling granulation of the powder mixture containing an inorganic oxide 
which has rehydration nature, and other inorganic compounds, and provides a manufacturing method of a 
ceramic spherical porous body calcinating this granulation thing. 
[0009] 

[Embodiment of the lnvention]This invention is explained in detail below. The ceramic porous body of this 
invention has a specific internal structure spherically. Namely, the ceramic spherical porous body of this 
invention has detailed fine pores, and presupposes that one the capacity of the fine pores of 1 .8 nm - 100 

micrometers of pore radii is them more than 0.25 cm 3 /g of requirements. Since the holding amount of a 
catalyst can be increased, the capacity of said fine pores is so preferred that it is large, and it is preferred 

that it is more than 0.3 cm 3 /g. Since a mechanical strength may fall on the other hand when the capacity of 

fine pores becomes not much large, it is suitable that it is below 0.4 cm 3 /g. Pore volume can be measured 
with a method of mercury penetration. 

[0010]The most frequent degree of a pore radius makes this ceramic spherical porous body one thing of 
requirements in the range which are 1 micrometer - 6 micrometers. When the most frequent degree of a 
pore radius is a value which means that a lot of fine pores in the spherical porous body near [ the ] a radius 
exist, for example, distribution of a before [ from 1 .8 nm of pore radii / 1 00 micrometers ] is measured with a 
method of mercury penetration, A horizontal axis can be made into a pore radius and it can express with the 
maximum peak position of the frequency pore distribution curve which makes a vertical axis differentiation 
pore volume. Since differentiation pore volume is a value produced by differentiating accumulation pore 
distribution, suppose that it is called like this. As for the mode of a pore radius, it is preferred that it is in not 
less than 2 micrometers and not less than 2.5 more micrometers, and it is preferred that it is in 4 
micrometers or less. 

[001 1]ln more than 0.7g[/cm ] , pack density presupposes that one it is this ceramic spherical porous body 

3 

below 1 g/cm of requirements. Pack density here puts a ceramic spherical porous body into a container, 
and expresses the apparent density gravity of the ceramic spherical porous body after vibrating this 

container. When the pack density of a ceramic spherical porous body is less than 0.7 g/cm 3 , since it is easy 
to mobilize within a reactor when using it by a fixed-bed type reactor, the catalyst acquired by supporting a 
catalyst component to this ceramic spherical porous body becomes difficult [ it / to be stabilized and to 
perform a reaction ]. On the other hand, since the pack density of the catalyst acquired becomes high and 
the catalyst weight per unit capacity increases when the pack density of a ceramic spherical porous body 

exceeds 1 g/cm 3 , it is necessary to improve the rigidity of a reactor and the flexibility of a reactor design 
becomes small. 

[0012]as for the ceramic spherical porous body of this invention, it is preferred that they are a real ball or the 
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shape near it - to that extent - it can carry out and a profile coefficient can be used. A profile coefficient 
here is a value which measures length L of the project area A and periphery of a projection picture by image 

analysis, and is calculated by lower type (I) profile coefficient =L /(4x pixA)(l). A profile coefficient becomes 
large as a profile coefficient will be set to 1 and it will keep away from a real ball, if it is a real ball. As for the 
ceramic spherical porous body of this invention, it is preferred that this profile coefficient is 1.1 or less. If a 
profile coefficient exceeds 1 .1 , it will become easy to powder within a reactor. As for the ceramic spherical 
porous body of this invention, it is preferred that mean particle diameter is 0.5 mm or more and 10 mm or 
less. Pressure loss may become large, when mean particle diameter was less than 0.5 mm and a reactor is 
filled up. On the other hand, when mean particle diameter supports a catalyst component with the ceramic 
spherical porous body over 10 mm, sufficient catalytic activity may be unable to be acquired. As for this 

ceramic spherical porous body, it is preferred that a BET specific surface area is below 10 m 2 /g. 
[0013]What is necessary is just to decide the crystal phase of a ceramic spherical porous body suitably 
according to a use and an operating environment, and as a crystal phase, For example, cordierite 
(theoretical presentations are 2MgOand2aluminum 2 0 3 and5Si0 2 , and) a crystal system is a prismatic crystal 

- an indialite (theoretical presentations are 2MgOand2aluminum 2 0 3 and5Si0 2 , and) A crystal system is 

hexagonal and A certain mullite (theoretical presentations are 3aluminum 2 0 3 and2Si0 2 ), It is titanium nitride 

(a theoretical presentation is TiN) or a barium system oxide (for example, Ba Q Y O , BaLa o 0 J, and they are 

cordierite and an indialite preferably. The ceramic spherical porous body whose main crystal phase it is 
polycrystal and is cordierite or an indialite is excellent in a thermal shock. A crystal phase can be identified 
from the peak data of the X diffraction spectrum acquired by an X diffraction analyzing, and can ask for a 
main crystal phase from relative peak intensity. Although the presentation of a ceramic spherical porous 
body changes with the crystal phases and is not the most important, when a main crystal phase is cordierite 
or an indialite, 13.7 % of the weight of MgO contents, 34.9 % of the weight of aluminum^ content which 

are those theoretical presentations, It is preferred that it is usually in the range of 12 to 16 % of the weight of 
MgO contents, 25 to 50 % of the weight of aluminum O content, and 34 to 64 % of the weight of SiCL 

content focusing on 51 .4 % of the weight of Si0 2 content. 

[0014]The ceramic spherical porous body of this invention may contain an inorganic bonding material like 
glass like boro-silicated glass, a potassium silicate, and a specific silicate, a silica fiber, an alumina fiber, 
titania textiles, and an inorganic fiber like silicon carbide fiber. 

[0015]The ceramic spherical porous body of this invention which it has specific pore volume, and the mode 
of a pore radius appears in the specific range, and has specific pack density has a high mechanical strength, 

expresses it with compression strength, and more than 1000 N/cm 2 usually becomes more than 2000N[/cm ] 

preferably. When not wearing out this ceramic spherical porous body easily, and using a screen shaker, 
for example, vibrating this for 15 minutes, the wear rate expressed with the rate over the original porous 
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body weight of the weight shaved off by wear is usually 0.5% or less preferably 1% or less. 
[0016]The manufacturing method of this ceramic spherical porous body (hereafter, it may omit and may be 
called a "porous body".) is explained below. An inorganic oxide is used for manufacture of a porous body. 
This inorganic oxide is a metallic oxide etc. which have rehydration nature, for example, and an aluminum 
oxide, magnesium oxide, barium oxide, a lanthanum trioxide, yttrium oxide, etc. are mentioned as an 
example of a metallic oxide. Here, rehydration nature means the character which reacts when it is room 
temperature -200 ** temperature and an inorganic oxide is contacted with water or a steam, and becomes 
inorganic hydroxides. For example, when contacting the aluminum oxide which has rehydration nature in 
water at room temperature -too** temperature, it reacts, and it turns into aluminium hydroxide. These 
inorganic oxides are chosen according to the presentation of a porous body considered as a request. For 
example, when obtaining the porous body which makes cordierite or an indialite a main crystal phase, an 
aluminum oxide can be used and using the active calcium oxide obtained by the method of carrying out 
temporary quenching of the aluminium hydroxide momentarily especially is recommended. The crystal 
structure of this active calcium oxide is usually a rho alumina type or an eta alumina type. This active 
calcium oxide can introduce gibbsite type aluminum hydroxide powder into with the temperature of 500-1200 
**, and a linear velocity of about 5-50 m/s high temperature air flow, can hold it for about 0.1 to 10 seconds, 
and can be prepared by the method of heat-treating so that powdered loss on ignition may be 3 to 10 % of 
the weight. 

[0017]The inorganic oxide used for manufacture of a porous body is usually 1 micrometers or more and 20 
micrometers or less in mean particle diameter. 

[0018]ln addition to the inorganic oxide shown in the top, other inorganic compounds are used for 
manufacture of a porous body. Other inorganic compounds used here are chosen according to the 
presentation of a porous body considered as a request. As other inorganic compounds used as an 
aluminum source, For example, an aluminum oxide with aluminium hydroxide, gamma, chi, theta, delta, 
kappa, or an alpha type crystal structure, Formless alumina sol, alumina gel, amorphous alumina, aluminum 
sulfate, There is an aluminium nitrate, an aluminium chloride, kaolin (typical presentations are aluminum O , 

2Si0 2 , and2H 2 0), or mullite (theoretical presentations are 3aluminum 2 0 3 and2Si0 2 ). As other inorganic 

compounds used as a magnesium source, there is talc (a typical presentation is 3MgOand4Si0 2 -H 2 0), 

magnesium carbonate, magnesium hydroxide, or magnesium oxide, for example, as other inorganic 
compounds used as the source of silicon - silica gel and silica - there is sol or quartz. Since kaolin, mullite, 
and talc which were shown in the top contain silicon, they can be used also as a source of silicon. What is 
necessary is just to use those compounds about other inorganic compounds used as a titanium source, a 
barium source, a yttrium source, a lanthanum source, etc., choosing them suitably. Other inorganic 
compounds used here are usually 1 micrometers or more and 20 micrometers or less in mean particle 
diameter. 

[0019]lt is mixed with other inorganic compounds and let the inorganic oxide which has rehydration nature 
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be powder mixture. Mixing Level cylindrical and inclination cylindrical, a V type, a double cone type, the 
method type of erection, S shape, Each shaped container revolving mixer like a continuation V type, a 
ribbon type, a screw type, A rod type, a pin type, a double compound paddle type, a cone screw type, a 
high-speed flow type, a rotating-disk type, each mold machinery stirring type mixer like the Malheur type, a 
moving-bed type, an air flow type mixer like a fluid bed type, or an oscillating-type mixer can perform. Mixing 
with the inorganic oxide which has rehydration nature, and other inorganic compounds, It is preferred to 
carry out so that the rate of an inorganic oxide of having rehydration nature may be 5 % of the weight or 
more and 10 more % of the weight or more on the basis of the total quantity of the inorganic oxide which has 
rehydration nature, and other inorganic compounds, and it is appropriate to carry out so that it may become 
25 or less % of the weight and 20 more % of the weight or less. In mixing, an inorganic substance like 
cellulose, an organic matter like vegetable fruits husks or ammonium sulfate, and ammonium nitrate may be 
added. The pore distribution of the porous body obtained is controllable by these addition. The addition of 
the organic matter at this time or an inorganic substance of more than the amount part of duplexs is usually 
five more or more weight sections to total quantity 100 weight section of the inorganic oxide which has 
rehydration nature, and other inorganic compounds, and 20 or less weight sections and ten more weight 
sections or less are suitable for it. The shape of these organic matters or an inorganic substance is usually 
particle state, and the mean particle diameter is about 1-100 micrometers. 

[0020]The granulation of the powder mixture obtained in the top is carried out. A granulation can be 
performed by a rolling granulation method. There are tumbling disk granulator and drum granulator as main 
granulators which a rolling granulation is the method of spraying fluid binding materials, such as water, and 
making floe generating supplying the end of precursor powder continuously into the container to rotate, for 
this reason are used. In this granulation, it is preferred to carry out by adding a granulation core. By adding a 
granulation core, the particle diameter of the granulation thing obtained can be arranged uniformly, it is 
efficient and the thing of the particle diameter considered as a request can be obtained. About a granulation 
core, according to the mean particle diameter of the porous body considered as a request, the particle 
diameter, When what is necessary is just to determine an addition and a porous body with a mean particle 
diameter of 1-2 mm is manufactured, It is preferred that the particle diameter of a granulation core is usually 
0.1 mm or more and 0.5 more mm or more, and they are 1 mm or less and 0.8 more mm or less, and the 
addition is usually 5 % of the weight or more and 15 % of the weight or less on the basis of the powder 
mixture which is a raw material for granulations. 

[0021]ln the obtained granulation thing, it is preferred to perform consolidation real ball-ization. 
Consolidation real ball-ization means exerting a compression operation on a granulation thing, and making 
apparent density gravity high, and spheroidizing. This consolidation real ball-ization can be performed, for 
example using a high-speed centrifugal rolling machine, a drum rotation machine, or the machinery stirring 
type mixer shown in the top. By performing consolidation real ball-ization, it has a high mechanical strength 
and the porous body of the rate of low wear can be obtained. It is preferred to carry out promptly, after 
corning by a rolling granulation method, when performing consolidation real ball-ization. If a granulation thing 
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is neglected in the atmosphere for a long time, the rehydration reaction of the inorganic oxide in a 
granulation thing will advance, and a granulation thing will become hard. It may powder, when consolidation 
real ball-ization is performed in this granulation thing that became hard. 

[0022]Aging is given to a granulation thing if needed. Aging can be performed by the method of holding a 
granulation thing under existence of water or a steam, for example. The mechanical strength of the porous 
body produced by the inorganic oxide which has the rehydration nature in a granulation thing by aging 
carrying out a rehydration reaction is raised further. Maturing temperature is usually not less than 50 ** and 
200 ** or less. It takes time to complete a rehydration reaction as maturing temperature is less than 50 **. 
On the other hand, when maturing temperature is higher than 200 **, the mechanical strength of the effect of 
aging of raising a mechanicai strength not only not being acquired but a porous body may be reduced. 
[0023]The granulation thing or the granulation thing in which aging was given arbitrarily obtained in the top is 
calcinated. Calcination can be performed, for example using a core box electric furnace, a continuous 
furnace, a far-infrared furnace, a microwave oven, a shaft kiln, a reverberatory furnace, etc., the temperature 
at that time is usually not less than 1 100 ** and 1400 ** or less, and time is usually 10 minutes or more and 
24 hours or less. As for the heat source of calcination, it is preferred that it is heating gas containing a steam 
like combustion gas. If it calcinates using such heating gas, a porous body with the outstanding mechanical 
strength can be obtained. 
[0024] 

[Example]Hereafter, although an example explains this invention still in detail, this invention does not receive 
restriction according to these examples. Evaluation of the ceramic spherical porous body was performed by 
the following methods. 

[0025]Pore volume (cm 3 /g) and mode of a pore radius (micrometer) : The pore distribution of the sample 
was measured with the method of mercury penetration using the pore distribution measuring device (a trade 
name "auto scan 33 type", the product made from can TAKUROMU). And the accumulation pore distribution 
curve which makes a horizontal axis a pore radius and makes a vertical axis cumulative pore volume, And 
the horizontal axis was made into the pore radius, and it asked for the frequency pore distribution curve 
which makes a vertical axis differentiation pore volume, and asked for the accumulation capacity of the fine 
pores between 1.8 nm - 100 micrometers of pore radii from the cumulative-pore-volume curve, and was 
considered as the mode of the pore radius with the position of the maximum peak of a frequency pore 
distribution curve. Cumulative pore volume of the vertical axis in an accumulation pore distribution curve was 
made into the value accumulated one by one from the larger one at 100 micrometers or less. Pack density 

(g/cm 3 ) : After putting 100 g of samples into the 200 cm 3 cylinder and carrying out repetition fall of the 

cylinder 100 times from a height of 30 mm, the capacity V of the sample (cm 3 ) was measured and it asked 
by following formula pack density =100-/V. 

Crystal phase: The crystal phase was identified from the peak data of the X diffraction spectrum acquired by 
X-ray diffractometer (a trade name "RAD-RB RU-200", the Rigaku make) analyzing a sample, and the 
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highest thing of relative peak intensity was made into the main crystal phase before long, 
profile coefficient: measuring the project area A and the periphery L of a projection picture with each and an 
image analyzing device (a trade name "PIAS-II", the product made from a pierced earring), and calculating a 
profile coefficient by said formula (I) about 60-80 samples, - those average value - a table - the bottom. 

BET specific surface area (m /g) : It measured by the nitrogen absorption method. 

Presentation: With an inductively-coupled-plasma-atomic-emisson-spectroscopy device, the content (% of 

the weight) of MgO, aluminum 2 0 3 , Si0 2 , CaO, FeJ^y and Ti0 2 was calculated - 

[0026]Mechanical strength (N/cm 2 ) : About ten samples, the disruptive strength P (N) is respectively 
measured with diameter D (cm) and a compression testing machine, and it is foiiowing formula mechanical- 
strength =4xP/(pixD 2 ). 

It was alike, asked for the mechanical strength more, and expressed with those average value. 
Wear rate: 50 g of samples and five copper disks (23 mm in diameter and 1 .5 mm in thickness) were put into 
the screen of 850 micrometers of openings, the screen of 355 micrometers of openings and the saucer were 
piled up in order under the screen, and the upper screen was covered. After fixing these things to the screen 
shaker and moving a screen shaker for 15 minutes, the weight W (g) of the sample which fell to the saucer 
was measured, and it asked by following formula wear-rate (%) =W/50x100. 

[0027]The aluminium hydroxide obtained by hydrolyzing example 1 sodium aluminate solution was supplied 
in 700 ** heating gas, temporary quenching was carried out, and alumina powder was obtained by grinding 
this temporary-quenching thing. This alumina powder is [ loss on ignition ] 5 micrometers in mean particle 
diameter 6%. 

The powdered crystal structure was a rho alumina type. 

this alumina powder 30 weight section and kaolin (a trade name "hardness kaolin".) Nikko - product made 
from ceramic composite 100 weight section, and talc (a trade name "micron white 5000SD".) a wood - 
transformation - make 100 weight section and a fruits husks grinding article (a trade name "walnut flower 
F180".) The product made from a Japanese walnut, and mean-particle-diameter 20 weight sections of 50 
micrometers were mixed with the cone screw type mechanical stirring type mixer (a trade name "NAUTA 
mixer", the Hosokawa Micron make), and the raw material for granulations was prepared. 
[0028]While supplying the raw material for granulations which the diameter of a pan is 1600 mm and was 
prepared to the material supply port in the top using the tumbling disk granulator which rotates at 17 rpm, 
Activated alumina powder 6 weight section with a particle diameter of 0.6-0.8 mm was supplied as a 
granulation core to raw material 100 weight section for granulations with the powder feeder, water 50 weight 
section was sprayed to raw material 100 weight section for granulations with the atomiser, the rolling 
granulation was performed, and it was considered as the granulation thing (1 mm - 2 mm). This granulation 
thing was put into the container with a lid, and the steam was blown and sealed, and at 80 **, it held for 4 
hours and riped. The screen exception made obtained aged material into 1.18 mm of openings using a 2.36- 
mm screen, a 2.36-mm screen was passed, and what remained in a 1.18-mm plus sieve was collected. This 
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salvaged material was put into the electric furnace, it calcinated in the 1350 ** air for 2 hours, and the porous 
body was obtained. The main crystal phase was an indialite and the auxiliary crystal phase of this porous 
body was cordierite. The physical properties of this porous body are shown in Table 1 , and an accumulation 
pore distribution curve and a frequency pore distribution curve are shown in drawing 1 and drawing 2, 
respectively. An arrow expresses a maximum peak among drawing 2. 

[0029]ln example 2 Example 1 , the porous body was similarly obtained except having added operation of 
giving a real ball consolidation to a granulation thing, on condition of for [ number-of-rotations / of 300 rpm /, 
and processing time ] 5 minutes using high-speed centrifugal tumbling granulator (a trade name "quince 
riser Q-400 type", the Fuji Paudal make). The main crystal phase was an indialite and the auxiliary crystal 
phase of this porous body was cordierite. The physical properties of this porous body are shown in Table 1, 
and a presentation is shown in Table 2. 

[0030]ln example 3 Example 1, the porous body was similarly obtained except having changed the quantity 
of the fruits husks grinding article into 35 weight sections from 20 weight sections. The main crystal phase 
was an indialite and the auxiliary crystal phase of this porous body was cordierite. The physical properties of 
this porous body are shown in Table 1 , and a presentation is shown in Table 2. 

[0031 ]ln example 4 Example 3, the porous body was similarly obtained except having added operation of 
giving a real ball consolidation to a granulation thing, on condition of for [ number-of-rotations / of 300 rpm /, 
and processing time ] 5 minutes using high-speed centrifugal tumbling granulator (a trade name "quince 
riser Q-400 type", the Fuji Paudal make). The physical properties of this porous body are shown in Table 1. 
[0032]ln example 5 Example 1, the porous body was similarly obtained except not riping in a granulation 
thing. The physical properties of this porous body are shown in Table 1. 

[0033]raw material 100 weight section for granulations and water 50 weight section which were prepared like 
comparative example 1 Example 1 - a medium stirring type granulator (a trade name "super mixer".) After 
having supplied the Kawata Mfg. make, corning and considering it as a granulation thing (1 mm - 2 mm), this 
granulation thing was put into the container with a lid, and the steam was blown and sealed, and at 80 **, it 
held for 4 hours and riped. The screen exception made obtained aged material into 1.18 mm of openings 
using a 2.36-mm screen, a 2.36-mm screen was passed, and what remained in a 1.18-mm plus sieve was 
collected. This salvaged material was put into the electric furnace, it calcinated in the 1350 ** air for 2 hours, 
and the porous body was obtained. The physical properties of this porous body are shown in Table 1, and 
an accumulation pore distribution curve and a frequency pore distribution curve are shown in drawing 3 and 
drawing 4 , respectively. 

[0034]ln the comparative example 2 comparative example 1, the porous body was similarly obtained except 
having changed the quantity of the fruits husks grinding article into 35 weight sections from 20 weight 
sections. The physical properties of this porous body are shown in Table 1 , and an accumulation pore 
distribution curve and a frequency pore distribution curve are shown in drawing 5 and drawing 6, 
respectively. 
[0035] 
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[Table 1] 
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1470 
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1000 


0.6 




0. 37 
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0.81 






900 


0.7 


imm2 


0. 36 


0.4 


0. 93 






740 
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( 


m& 
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MgO 


A1 2 0 3 


Si0 2 


CaO 


Fe 2 0 3 


Ti0 2 






15.5 


32.5 


50.4 


0.4 


0.3 


0. 1 


0.8 




13.6 


36.4 


48.2 


0.6 


0.3 


0. 1 


0.8 



[0037] 

[Effect of the lnvention]According to this invention, the ceramic spherical porous body which has a high 
mechanical strength usable as catalyst support is provided. According to the manufacturing method of this 
invention, this ceramic spherical porous body can be obtained easily. 
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(54) [KWffl*»] •b73-yfX«tt^7Lfl^<tt;*©SiS*Si 



(57) mm) 

ffl?L*S 1 . 8 n m~ 1 0 0 (imffiM 
<Dg»#0. 2 5 cm'/gW:T*0, ffl?L¥S©& 

0. 7g/cm'-l g/cm 3 -e&£c££#iit£f S 



limm 1 ] ffl?L*S l . 8 n m~ 1 0 0 u ra©iffl?l 
OMWfi 0. 2 5 c m 3 / g «±r£> 0 . SfB?l*S©& 
$I(8# 1 u m~ 6 m m©©fflK:#> 0 . rt>o?cJggEg# 
0. 7g/cm s -l g/cm J T*5Ci5:MlitS 

[M*JS3] ^ffifg£A. Wie©g<**L£U££ 
T^(I) 

ffl£m= LV (4 xtcxa) (I) 

KJ: 9#&6ftMJtMW 1 . 1 &LTVi!bZm*m 1 

* fc« 2 lets© t75^ xg^?u*o 

<t^**^trS^«*4lK««attL. C©»tM»*«fiR 
ft. 

[|f*95] ^i^b^gKbr^s-^A-cfc&fii 
#]«4ia*S©m, 

[ i9*3i 6 ] sum tc . ? ft a m*iR 4 

sfctt5iam©*s. 

nan*«4 - 7 ©t>rn*> 1 9«:iB*s©^ft. 
~8 ©i»r<i*> 1 JSfciets©*^, 

[0001] 
[0 00 2] 

[0 00 3] 86**0. 5 ^^^?L»iL.T, 

0. *fc*©«jdwcrH>Tfc#aa*3ft , ct>s. §6 

tc. *ft6©»tt*i»A-r&fc«>. S^©KA»(ft4>S 

assft-a**. 

[0004] jfi^. teim^&mitognKZfr 

fttconrfe. HI©^ffl±*i#&6ftSJ:5K:&o 

[0 00 5] 



(2) ^2 00 2-2 749 7 4 

2 

©M&wre&eadtt- a c t a. 

[000 6] 

[PH*jwfc*-6fc«>©*eu -fe^s 7 

* ^ WtttiBMoMtftraoi^K^i > -emu fcti 

[0 007 ] T&tofc*»PItt. «?L*S 1 . 8 n m~ 
10 1 0 0 </m©iffl?L©gfS#0. 2 5c m'/gPJlr* 
0 > Jffi?L^@©&$IS§# 1 Mm*- 6 w m©fiB(c 4 0 . 

■C*S. C©*5KS»»l£WU *ffl?L¥&©®« 

[0008] s/c*^Hj{i. fMcntt*#r«MnHb 

flfcORS^fcaftTSfc©?**. 
[0009] 

[|6W©iSlfc©JI5«] «"F*IEi»*»IBUC»i»-r4. * 

©rtgR8tj££#-fafc©-c*s. *»w©* 

1. Snra^lOOjiraOinoWO. 2 5 cm 3 

/ gw,±x&zct*:m&<D—ot?z>. ®m>imm. 

30 **H>1-{:&0i-Cft irfBli?L©SS«*^ 
L<. 0. 3cm'/gait*5CiW 

M»S»H8Trac£#*S©T\ 0. 4cm'/gH 

[ooio] $&, cot? a -j »*&R$?utK. to 

?L¥S©«k«S*il Mm-~6*im©t6HK:*ac££g 
tt©-oit5„ ffi?L¥S©*4JiStt. -e©¥Sttifi© 

nffL*j-e©»K^?L#tpK:« *> £ < a c i *im 

40 -rSffir*0. tt*.& 7KSBEAffitcJ:iJ|ffl?L*Sl. 
8nmA>e 1 0 0 um&-C<Df®<Dft(6*fflfebtci:ft 

ttM?L»fftfWI©**t-f tl«T?«TC i*i-C*l>„ 

©f, C^PfiiCiiTa. «B?L*S©*JMa«. 2w 
mtl±. $6{CB2. 5tfmW±tc£>£C£;W£l/ 

[001U8W. C©42?5 9»xMK»?LftB. 
^»SS*S0. 7g/cm'Hl, lg/cm'HK* 
50 -5Ci?r^fr©-oi-rS„ CCTOJtWfgtt, 



(3) 

3 

7;-;« 8ctt£?Ltt©5titt» 0 . 7 g / C m 1 * 

©*e»*s#w < & o , masais *) vmm&m m 

i&Hi9st©@SS*vjN$ < 

[0012] #SiO-b7 5 ? **$tK£?L<*tt. Jt$ 

*fctt*ftKifit»^r*s©#»* l<. ^©igst 

ttitt. PB^ftTCCfcOaUDBSJWJSJUiiaAi*©^ 
JS©S3L4iMJ£l/. T5SCD 
«ttfl»=LV UxjtXA) (I) 

*aw©-b5s »*^sw*?wt«. c<wwttiisa 20 

#1.1 felTC**©**?* U>. «ttfiH»* 1.1* 
KlflSrt-etlWfcO^l^&S. *fc*!6M© 
Hs5 5 9*^»tt^7Lfttt» Wtt-fS*»0. 5mmfcl 
±. 1 0 mrafeiT'C^SOW * ll>. 
0. 5mm*ii-C$.§<t. SftJgKjfc^L/ci*. E# 
t<tt4Ct**«. WV&f&fi 1 0 

tit. C©-te?5 •ji'^MftB, BE 
Ttt*ffiSW»l 0m'/gE(T?*5OWJlH). 30 

t o o 1 3 ] Hz? 5 » ? zmzzimoi&ikmz. m 

m, fl6ffl»»«:j6crafigW>titfJ:<. ttJWHior 

«. «Atf3-y*5-f h (Sfiffl^«2MgO • 2 A 

1 , 0, ■ 5 S i o,-c*o . eB»W3«fl|-C* 

2.. ) . -fW-fTS-f h (SaS)HfiXtt2MgO • 2A 

1,0, • 5S i . ^^«7\^S-C*S) , 

A7^1 (at&M^«3A 1,0 3 • 2 S i 

S> . Bfc**> <«IMBfitt*T i N"C*S) Sfctt>< 

'J^MIti (WjttfBa.Y^O,. BaLa.OJ 

KK«3-yx7-fh, -f>f^77-f 40 

D^fiL, mbhtcXimVrZ'** HMD*-*?-* 

tf> hffl&t S C £ # r t . * MB*t f - f But* *E>£fc 

{*©&£». *©*SJl*BKJ:0»«tO-«W-Cttft«,> 

?£>£££«. *ti6©gi&fiJiX-C*5MgO^Wfll 

3. imm%. A 1,0,^*83 4. 9Bfi%. SiO 50 



#$2 0 0 2-2 74 97 4 

,^Wfi5 1. 4fig%£*'WC. ii?!?. MgO^WS 
12-16«a%. A 1 ,0,^82 5-5 0Sfi%. 
S i O.^ffiS 4-6 4Sfi%©85H«:&^Ci*s$f 

[0014] $&HJ©-fe7 5 ? ^StR^tttttt. 

[0015] 1#S©*B?Lg8t**>*>. *ffiFL¥&©««« 

^©T^O. E«^S-C^br, »#1 0 00N/cm 
*£Lk. »*0<«2 00 0N/cm , «±ittS. $ 

«*.«. s&RMsgffifliu cn*i saitisn 

IK^S^Ta^5iS$*i. ii^l%OT. » 

[ o o 1 6 ] c©-fe7 5 v tzmmim («T. 
or r^itftj iioci**4. ) ©«Ji*ffi*«T 
KBMHTS. ^?L(4:©Sjitc«MK{b8l«>ffiffi3ti 
•5. C©ilHtttt, m«f?*fOtt*«-f *£JSS? 

>> mm? b<)?j»mwmiibtiz. ccv, s*fa 
ttitt. «tiK{b«j*gs~2oo-c©asr > *S/c 

tt»*t^. 0|iltf»*«tt**-rSM<b7^3- , JA 
«. Sfi->- 1 0 0'C©Sgr*i£tt3tJ-fctt£l£L/ 
T*lWt7^3 r.^ Cft6©MI»ffc«ll*Bf 

a«fj-s^?L#©ejstci6crji!R3tis. mz.it. a 

£?U*£t# -Si«^tc «. fcr * 5 s. V A *ffll >5 C i 
^rir. «-c4>*i!{b7;b5^^A*^MW«:<5«l"^ 

IgpTfrzi-mttcttvrn'ii-MTfoZ. ccDffikM 

<b7Jl/5^-^A«. 985 00-1 2 0 0^. 

5 ~ 5 0 m/ s ©iSSStSEfK M7K®{b7 ;U 

3i->A»**WAi/. fto. i~io#ra«f#tr. 
)^^©tt^«fi*5 3-10 ss% i ^ 5 j; ^ icmmem 

loon] tie znttommtctiimztizmmHt 

[0018] ^TLft©«j6K«±r^OfcM«»fbttK: 
fln^-cf6©jRM»fb^«j*^ffl$ns. cc-c^ffl$n^ 

fRSn*. 7Jb5--?AiStf«c^ffe©i^{b^iL-C 



(4) 

5 

B. W*.«*MffcTJi/S-$A. r. z. 0. 8. Ki> 

©7^5 r^s^-yju. inhsitjus^. mm 

<)> (j&miilBmtA 1 i Oj • 2 S i 0, • 2 Hi 

o) ttdt&uh mmmtitteSA i,o, • 2s i o 

l/Ttt. W*.«*;U* WSmttlBaatSMgO ■ 4S 
i O, • H,0) . («7MJ/<»A, *IWt^y*J/f 
A*W*BWfcvy*i/^A*3»s*S. g^jgiftSffi© 10 

SuSMk^il/trtt, w*.b\ '>u*yju. 

*/cB52?^#**. Sfc. ±-CjnL-fc*^';> t A7 
-t hfccko'f ;u*BS**^©rgj|W£i/rt>ttfll 
t SC bifida S. /tij^iji. 4v\y<t) 

Aflg, 5>*>JBW£ft$fl!i©jfc^b^Koi>rt>. 

<^3ft&fl!2©iMiHb£ftB. l am 

[0019] TM4Dtt««r&«timfclWtt«KDMflMi: 
£ft£tg£3*l. g£8)*£Sft£„ g£B. **niBf 20 
H 1ttt4P]ffi£L VSL -ffiRJISB. EStfrS!. 

«t 5 a»5S3!£«. $ fcBfi«£B£««-Ctf 5 C i 

SfctfMMfctt i tti©**Kb£» 4 ©£ttS 
£gigK 5SS%«±. 3 6KB1 0fiS%fcLt£ft* 30 

KB 2 0 ®B%JKT <b ft S <fc 5 Ktf 5 C £ # ji^T* 
«. afrctt-fejua-ajl. *«**«©£ 
ft, *fcBBffll7>*.=-$A. WUy^*-^©^ 
ttMtt*Mtob'Cfc.J:tr>. cft6©i3sJJDK<J:9. i#6 
*i4SWFL»©tt?L»ffS:IW8rr*Ci*J-C#S. C©£ 
*©^»»*fcj«(8««l©89llfi«. S*|Dtt*#i-S 
««IWb»itt©j|RWb^»i©^l«l 0 0MSBK 
3tbTji^2SSSI5«±. $ 6KB 5 SfiSPfeLh-C* 
9. *fc2 0«aSWJlT. 3 6KB 1 OMSBttTtfa 40 

[0020] ±-cf#6nfc»*»*». it&sft*. it 

tt«IEtt*«tjS-Ctf5Ci*»r*a. $£»)&&£ B. 11 

«ai^s8»©*«:mtt**a«w«:tti&L.a*i 

6. *ft£©«tra£«*TO0T^**£«3ttS 

*ffi-c*»). c©/c©Kfflt>6ft*±ftjt&&£or 

B. JDfflJfitt«^>F5AS»|ft«*«*5. C©i®KrC 

B. J«fttt*»aO"Ctf9Ci*J»*0(,». fitft«E«8S 50 



&HJ2 00 2-2 74 9 74 
6 

ftTTSC^CCfcO. f#6ftSi§&ft©tt : Hi£$-K» 

fiicimj. MMKoutB. mmttzzn 
ft©¥tttt?S(ci&{;'c. ^©ft^s. »jm*«3£'j- 

ti«<t<. «*.«. ¥*}ttmi.~2mm©£?Lf**K 
StttftOttTSttflftO . lmmfcLh. 3 
6KB0. 5mmfet±-C*0. ifclmmttT. 36K 
B0. 8mm&.T-C$>*>CtffitftL<, *©»ft» 
B. JgttfflJH4T*Sa^tt*«:«|{CO'Ca«5fi« 
««±» 1 5tt»fittTr**. 
[0 02 1] f#6nfc3t&ftKB > SfggScib'&JSTC 

«OTjaa>wea**<u *-Hi6Rftr*c4tn 
n, *fcB±-c^i/fcisiaa#ss^«ts%fflc>r 

Lfctft. ii^Ktf^ C&ttlffSU*. £tt«*ftl$nil 
*m*K&gf •*>£, j^4»©J&RlIK<bft©«*fflE 
ic^jitf 0 raMMj jWB < ft £ . c ©« 1 tcffik® 
«eE*JWMb*ff9i. *Wb1-*Ci*i*4. 

[0 02 2 ] jtUtftKB. ifiHIKI&CrXMlWllStl 

MB, «*«M»t**W*W«»©fflSETK: 
MW*#ttrff5C4*«"C**. 3ft^K<fc 
©S*«tt*W-r5*l«»{b**«lf**P5l&L"C. t#6 
nS^?Lft©tl«W^S ; £5 6K^±$ti-S. mtitus. 
B«m 5 0 , CW± > 2 0 0 'C&LTV$> S. ]RufiaUS«> 5 
O'C^ii-C&Si. SzkifaSlEirolSS-ttSOK^ra^ 
«ysS«flWi2 0 0"CJ:»)i*l»i. tttRft 
*|S|± S * i i C» -5 A: «»S6© SWft*i» 6 hft t 
0*\ *?Lfl£©««fl«BSK*fiT3#SC<!:*J*4. 

[0023] ±"Cf»l5tlfcjStt«l*fcBff*K:»USfc&J» 
SftfcStMkB. ^fiX^nS. jReKB. WxBH^Sa 

SSBiifit 110 0 "CW±. 1 4 0 0 'CfclTr* 0 . Bf 

nttanri o»«±. 2 4Nfibj«t-c*s. «^©^s 

B» m&U™ <fc ^ &?W!)»**t»JP«l^ -c* * C £ 

stx/c««w^a^ br>&iiw*nz> C £*s-Cf *. 

[0024] 

-TS*5> *^WBcn6©H*fiWc^0WIE : &SW'5t 
©■CBftt*. ft*. 5 ?*^Jfttt*?Lft©IMiBJBl 
T©?7iS-Ctfo/i: 0 

[0 025] *ffl?LSS ( c m'/g ) tecfcOWL^S© 

g«<B (am) : mn^mim^m. v 

EAffiK«fc«3S*4©ffl?L»**ffll3eL-A:. 8114 



t l . imixmaiuesi if* mmtift 

6ffl?L¥Sl. 8nm~l 0 0 m m©Bfl©ffl?LcD^S§ 

mmnm<D^mmn^mit. 1 o o wmam 
if^ftfrhmAmmucmtbtc. (g/cm 

J ) : 3#f4l OOg*2O0cm 3 i";>f-(CAti. 
^'J>?-*3 Omm©iSS*»e> 1 0 0-@ft*)®L«T 
3-t*/d£. ISf4©g«v (cm 3 ) fcSISU 
*BBH5tt = 1 0 O/V 
(C«fcO#«>fc„ 

fSBta : W8*X*@«rilB ( iSn n n£ "RAD-RB 
RU-2O0". S¥«ftSl) «Cj:g$HfrU ffe»nfcx 

tc. 

«t^s (S n °D« "p i as -ii" . tr^K) -cmm 

®ff>®MZmm A £ JR L ^rSiJS U . flies; (I)&C «fc 0 $ 
BETitSlffiS? (m'/g) : ffiRAH&tcJ: 0 9JS 

L/C 

gO. Al,0,. SiO,, CaO, Fe,0 3 . T i 0, 
©$W« (M%) *#«>£. 
[0 02 6] ®WM%im. (N/cmM : t^lOfl 
{co^r. -e©iSSD (cm) iEfflsSK^KJ: 
OiK^SP (N) *S 
^«iM?Sa=4xp/ (jxD') 

K«fc'j««w*K*5*«> < *h6©¥$<a-cgit,fc. 

BE«$: 5»45 0g4itS2 3mm. /IS 1. 5mm 
©SIS!in«5tS54SP*8 5 0 wmOSfitCAn. *©e 
©TKBMfc 3 5 5 u m<DBt&ttmimtiZmto> ±© 
RK«*l/fc. Ch6©fc©*B&nMltcS£U 1 5 
^BMtettfel/fcft. 3WJnoc«%fcKfsf©M 
W (g) *«5£U 

(%) =W/5 0x 1 0 0 

[0027] idgffl 1 

7 Jl> 5 l>mt h V V &ffifcZ1afcftM-f % c t fc J; 9 ?f 
e.nfc7KKft7;i/5->JA*7 o 0'C©»#**«:8: 
Al/TffiftU t©®»£*&&?£Ci&Cj: , 0 7JUS 
^•»**»fc. c ©7 ;us mMSMQ%, 
W&UFh&ifi 5umT*0. * /c»*©*§iitit&« p 7 
jW3*-§8T?*ofc. C©7->U5^^3 0fflffig[5, tf* 

y> (iS.&« "^si*^ , ;>" . BS*7 5^^3> 

hH) 1 0 OfifiSP. *)\>t> (®a D a« "5 
*7^h 5000SD" . ttfbi&M) 1 OOSSSBfciO'mH 



(5) #^2 002-2 7497 4 

8 

•> + ? h«. TWl5 0«m) 2 0SSgf5^R 
MX i"J a ~£«^W*3H&M (® D D u« ■> jr - 

[0 02 8] m©lLSAn 600mm-CJnt, 17 r 
pmr@ls*ajni^tM*m>. *©JR»fittftP^± 
TH« b fc«te/BJ , 8B*ttl&-r S i £ (C . 
■<CJ:0StftfflJmi4l OOBSSPKttOT&^SO .6 
10 ~0.8mm©rS147^5^m6ffi*S=&jfeK«ib 

r t . > o jft&ffi,^ i o o msss'.c *f 

tr*5 0M8^iB*L-ClEttjSfi[*m». lmm~ 
2mm©ifttt«£t,fc. Cfl5J6tt»*«*S«R:Ah. 
Tk&JSfcKSiiA-C^KU 8 0-C-C4B#Hffif#Lr» 
1^1/*:. f#6nAdR«sS«*SH* 1. 18mm£2. 3 
6 mmOBZtii-oXBftlL . 2. 3 6 mm©t1i ; &jlii 
U 1. 18mm©i±KHofct©*IHiRLfc. C© 
HJRtttfllS^KAn 1 3 5 0 'C<D^m-C 2 ^M«EtS 
LT, £?U*Wc. C©^?Ll*WilS H 3 B tB^-Y>7 ; ^ 
20 77-T h-C**). m&£&ifi3-V>*v<( hr4>o/c. 
comoHttt^iK, JRaiifflft^ftfiiteJ:^ 
ffiW?L^f , Jft**'tii^tiia 1 te JcO'H 2 (C^r. Bl 2 

[0 02 9] Slffi«ai2 

ft 3 0 0 r pm, MSB#ra 5^ra©^T. 

^«ft*ttrraff*»itfcmJ*iai»K:L'r*?Lft* 

nit. c <D&nmt3E.&n>Wfi ^f^^^t* 

30 9> BHSBlffl*i=J-y*5-Y h-C^-^fc. C©^?L^© 
«rtt*aitc. 8sS*3l2K:w-r. 
[0 0 3 0] ^JfeM3 

*»«iK*»i»r. ^ii i Sl&ii*D D a ©fi i &2osagq^6 

3 5fiSgRK^AfcJi(Wi|H]SliCb-C^?L{*?rf#fc„ C 

tl*in-5P*5>f ht*ofc. C©^?Lft©«»tt«:*l 

iffijX^R2K7F-r 0 
[0 03 1 ] J?SS0!I4 

40 >7 -r-tf-Q-40oS" . ^"/^yjui!) HE 
ft 3 0 0 r pm. «3BSNffl5#ltl©*fr-C. jSfi«)K:J( 

[0 03 2 ] ^M5 

[0033] imm i 
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